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(57) ABSTRACT 

An optical ?ber is tapered, for example, by heating it With 
a C02 laser. The tapering process is controlled such that the 
taper transition regions have taper angles selected to mini 
mize loss. The taper Waist has a diameter selected to 
introduce desired dispersion properties and desired nonlin 
earity. The optical ?ber can be used as a dispersion com 
pensator in a ?ber laser or other ?ber optic system. The 
nonlinearity in the tapered optical ?ber alloWs the generation 
of ultrashort light pulses. 

404 

untapered 
?ber 



Patent Application Publication May 5, 2005 Sheet 1 of 4 US 2005/0094941 A1 

Figure 1 Prior Art 
/a")“ I 00 
“A 7 / 0 h! 

L ) Erna Gnlvanomctey 

| a i ' M I’ l i 

. L)’ curved’ / 43’ 
CO2 mlrror 

0.25m ZeSe Plate )/2_ 
3]) stages 

D’ UIf 
i, = My _ in, .M. EF‘EYHDSHFIW. 

I imam 7/4“) 

/ l 

'16 4—§L \/ 1 4 
Hot zone of ibcr 

Figure 2A Figure 2B 
Prior Art Prior Art 

u 

Heat Absorntion>> Dissination I Heat Absorption = Dissipation 

3 l’ ” b Figure 3 Prior Art 
(I a " j 0 7/ $04!’ Jéé 

taper waist 
untapered 3 0 5L untapered 
fiber . fiber 



Patent Application Publication May 5, 2005 Sheet 2 0f 4 US 2005/0094941 A1 

404 
4”‘ . .. 

F1gure4 PM +0” 04 

/ taper waist \ 

untapered 4 "'1 untapered 
fiber (9+ r ?ber 

41/7 14 

Figure 5 

'30" 6'60 ' s60 ' 1oToo ' 12'00 ' 1ioo ' 1600 

' wavelengmm 



Patent Application Publication May 5, 2005 Sheet 3 0f 4 US 2005/0094941 A1 

Figure 6 

_ Dlspersl'on Curve-for different taper'd’lhmg't‘er 
300 I I 

200- — 

g 100 - - 

E 
x. 
s _ \ 

5 0 
2- black SMF 

bIack-. 2.5 
E ‘100 _ blue 1.6 ' 

C I blue-. 2.0 I 

a green 3.5 
c ‘200 ' green-. 50 ' 

0 red 6.5 
'-- red-. 8.0 - 

2 -300 — yellow-. 6.0 - 
0 a yellow 10.0 
7m Z DI l i 
- _ ere spers on | U ; _ 
Q .400 point for 25w“ up" D a. nit micrometer 

ls 780nm 
At 1 .06um, Sum has 

600 - o - 16.5 ps!(nm.km) — 

I l l l l l l 

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 

Wavelength (Unit: m) x10"6 



Patent Application Publication May 5, 2005 Sheet 4 0f 4 US 2005/0094941 Al 

F," 5 M (e ,9‘ 

M ‘MK. 3% §3\ 

8/0 z (y/v 
M X’ 204 W 214K406) 

fun!’ / 
D1099: 

WV 
? 1+ 

67” r’ (‘Ara ? 

yo; W 8'2 

‘21/4032 H / M 
l 

W 



US 2005/0094941 A1 

FIBER DEVICE WITH HIGH NONLINEARITY, 
DISPERSION CONTROL AND GAIN 

REFERENCE TO RELATED APPLICATION 

[0001] The present application claims the bene?t of US. 
Provisional Patent Application No. 60/516;299, ?led Nov. 3, 
2003, Whose disclosure is hereby incorporated by reference 
in its entirety into the present disclosure. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to an optical 
device having an optical ?ber and more particularly to such 
a device in Which the ?ber is heated and draWn to control at 
least one of loss, gain, dispersion and nonlinearity. The 
invention is further directed to a method of making such a 
?ber. 

DESCRIPTION OF RELATED ART 

[0003] It is Well knoWn that optical ?bers can be heated 
and draWn doWn to siZes much smaller than a typical 
single-mode ?ber. Heating techniques using an electric arc, 
?ame, and CO2 laser absorption have all been shoWn. 

[0004] A system for carrying out the CO2 laser absorption 
technique is shoWn in FIG. 1. As shoWn in FIG. 1, light L1 
from a C02 laser 102 at up to 25 W poWer and light L2 from 
a helium-neon laser 104 are combined by a beam combiner 
106, such as a ZnSe plate, to form a combined light beam L. 
The combined beam L is re?ected by a curved mirror 108 
onto a galvanometer mirror or other scanning device 110, 
Which scans the light onto an optical ?ber 112 to form a hot 
Zone 114 in Which the ?ber 112 is heated to a melting 
temperature. The ?ber is held by tWo stages 116 moving on 
rails 118. One end of the ?ber 112 is passed over a pulley 
120, and a small Weight 122 provides a ?xed amount of 
tension. 

[0005] As shoWn in FIG. 2A, the light L is incident on the 
?ber 112. Initially, the ?ber 112 is thick enough that the heat 
absorption is much greater than the heat dissipation, so that 
the ?ber is heated to its melting point. HoWever, as shoWn 
in FIG. 2B, as the ?ber is thinned, the amount of heat 
absorption decreases until the ?ber goes beloW the melting 
temperature. As shoWn in FIG. 3, the result is a ?ber 300 
having a narroWed portion or taper Waist 302 bounded by 
tWo taper regions or transition regions 304 that connect the 
taper Waist 302 With non-tapered portions 306 of the ?ber 
300. 

[0006] In the taper regions 304, coupling can be lost. Also, 
in the long-Wavelength band (near 1550 nm) Where tele 
communication is normally carried out, dispersion is anoma 
lous, leading to soliton formation. In a conventional doped 
optical ?ber laser, complex external optical elements are 
needed to compensate for the normal dispersion of the ?ber, 
thus increasing the siZe, expense, and complexity of the 
system. Fiber lasers can be built using separate gain, dis 
persion and mode-locking elements. It Would be desirable to 
simplify these laser designs by integrating these functions 
together. 

SUMMARY OF THE INVENTION 

[0007] It Will be seen from the above that a need exists in 
the art for a technique to taper the ?ber such that it has the 
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requisite properties regarding loss, gain, dispersion, nonlin 
earity, or any combination thereof. 

[0008] It is thus an object of the invention to taper the ?ber 
so that the ?ber has the desired dispersion properties and so 
that external dispersion-correcting elements are not needed. 

[0009] It is a further object of the invention to taper the 
?ber to minimiZe coupling loss in the transition Zones. 

[0010] It is yet a further object of the invention to taper the 
?ber to cause the ?ber to be highly nonlinear. 

[0011] It is a still further object of the invention to use such 
a ?ber in an optical device that achieves ultrashort pulse 
generation. 

[0012] To achieve the above and other objects, the present 
invention is directed to a method of tapering the ?ber in 
Which the formation of the transition regions and of the taper 
Waist is controlled to achieve the desired effects. To mini 
miZe loss, the tapering in the transition regions must be 
adiabatic. That is, the rate of change of the ?ber diameter in 
the axial direction must be small enough that the energy of 
existing modes is re?ected back as little as possible and is 
coupled as little as possible into other order modes. The 
criterion for adiabaticity is that the taper angle in the 
transition regions, namely, the angle betWeen the direction 
of propagation and the outer surface of each transition 
region, must be less than the local diffraction angle. To 
achieve the desired dispersion property, the diameter of the 
taper Waist is selected such that the total dispersion (normal 
plus anomalous) at a desired Wavelength is either Zero or the 
appropriate value for providing Zero overall dispersion in the 
device in Which the ?ber Will be used. 

[0013] The coef?cient of nonlinearity varies inversely 
With the effective area of the ?ber. Thus, a large decrease in 
the effective area provides high nonlinearity. Experiments 
have con?rmed that the nonlinearity is increased by a factor 
of approximately tWenty relative to a non-tapered ?ber. 

[0014] An important application of the present invention is 
the use of these tapered structures With doped optical ?ber 
to enable a neW class of compact, inexpensive modelocked 
?ber lasers. In a conventional doped optical ?ber laser, 
complex external optical elements are needed to compensate 
for the normal dispersion of the ?ber. In one variation of the 
present invention, tapered structures are built into the doped 
?ber itself, With the taper chosen for optimal net “anoma 
lous” to compensate for the “normal” dispersion of the ?ber. 
This Will provide for stable modelocking at a lasing Wave 
length to create a simple, compact light source, With the loss 
in the ?ber loWer than the gain of the laser. A mode-locking 
device can be introduced into the cavity to cause the 
formation of short pulses. If a doped PM (polariZing main 
taining) ?ber is tapered, one can create a PM mode-locked 
?ber laser. That design offers an advantage over alternative 
solutions such as intra-cavity prism pairs, because it is an 
integrated structure Which can be fusion spliced at both ends. 

[0015] The concept can also be applied in an optical 
ampli?er, in Which the doped ?ber is tapered to provide the 
dispersion compensation and the laser is pumped in an 
un-tapered region of the ?ber or by using pump light from 
each end. Such a dispersion-compensated optical ampli?er 
has been reduced to practice using YbzFIBER With unta 
pered gain of 40 db/m from INO. 
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[0016] Secondary applications of the general concept of a 
tapered structure in un-doped single mode optical ?ber 
include: 

[0017] A lossless stand-alone dispersion compensa 
tor device element for use in a system to control 
anomalous dispersion 

[0018] A super-continuum generator of coherent 
White light for use in OCT (Optical Coherence 
Tomography) and for frequency metrology. 

[0019] A lossless optical logic device for processing 
optical information. 

[0020] The concept has been experimentally veri?ed. In a 
demonstration device, the loss Was as loW as 2.3 db. 

[0021] Abene?t from the present invention for dispersion 
compensation in a doped ?ber laser is to replace external 
optics (typically a pair of diffraction gratings), Which Would 
be required for a conventional ?ber laser. The laser then 
becomes much more compact and inexpensive by eliminat 
ing the large components and the labor required to align 
them. A signi?cant cost reduction should be expected. Ultra 
short optical pulses (<1 pico-second) are being used to cut 
metals, transparent solids and biological tissue, to fabricate 
structures by absorption in photopolymers, and importantly 
to repair lithographic masks in semiconductor manufactur 
ing. If the costs can be reduced, femtosecond lasers could 
compete With other methods of micro- and nanofabrication, 
because of improved hole siZe, reduced heat affected Zone 
and precision. 

[0022] The folloWing publications relate to the invention 
and are hereby incorporated by reference in their entireties 
into the present disclosure: 

[0023] “Linear and Non-linear Properties of Tapered 
Single-Mode Optical Fibers”, by Fei Lu at the Spring 
Meeting of the Institute of Optics Industrial Associ 
ates, Apr. 7, 2003; 

[0024] “Generation of a broadband continuum With 
high spectral coherence in tapered single-mode opti 
cal ?bers”, by Fei Lu and Wayne H. Knox, Optics 
Express 12, No. 2, Jan. 26, 2004; and 

[0025] “Generation of a broadband continuum With 
high spectral coherence in tapered single-mode opti 
cal ?bers”, by Fei Lu and Wayne H. Knox at the 
Conference on Lasers and Electro-Optics (CLEO 
2004) on May 18, 2004, and in Optics Letters 29, No. 
18, Sep. 15, 2004. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] A preferred embodiment of the present invention 
Will be set forth With reference to the draWings, in Which: 

[0027] FIG. 1 is a schematic diagram shoWing a system 
for tapering an optical ?ber; 

[0028] FIG. 2A shoWs an optical ?ber that is being heated 
by the scanning laser beam of FIG. 1; 

[0029] FIG. 2B shoWs an optical ?ber that has narroWed 
to such an extent that it is no longer heated by the scanning 
laser beam of FIG. 1; 
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[0030] FIG. 3 shoWs an optical ?ber that has been tapered 
by the system of FIG. 1; 

[0031] FIG. 4 shoWs an optical ?ber that has been tapered 
according to the preferred embodiment and in particular 
illustrates the taper angle and the diameter of the taper Waist; 

[0032] FIG. 5 shoWs the results of dispersion calculation 
for tWo ?ber diameters; 

[0033] FIG. 6 shoWs a set of dispersion curves for mul 
tiple taper diameters; 

[0034] FIG. 7 is a schematic diagram shoWing a generic 
?ber optic system using the tapered ?ber of FIG. 4 as a 
dispersion compensator; 

[0035] FIG. 8 is a schematic diagram shoWing a ?ber laser 
using the tapered ?ber of FIG. 4 as a dispersion compen 
sator; and 

[0036] FIG. 9 is a schematic diagram shoWing a ?ber laser 
using the tapered ?ber of FIG. 4 as both a dispersion 
compensator and a gain ?ber. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0037] A preferred embodiment and variations thereon 
Will be disclosed in detail With reference to the draWings, in 
Which like reference numerals refer to like elements or steps 
throughout. 

[0038] FIG. 4 shoWs a section of ?ber 400 that has been 
tapered according to the preferred embodiment. The ?ber 
400 has a narroWed portion or taper Waist 402 bounded by 
tWo taper regions or transition regions 404 that connect the 
taper Waist 402 With non-tapered portions 406 of the ?ber 
400. 

[0039] The design parameters distinguishing the ?ber 400 
of FIG. 4 from the ?ber 300 of FIG. 3 are the taper angle 
G)taper and the diameter D of the taper Waist 402. Those 
design parameters can be controlled by suitable control of a 
tapering system like that of FIG. 1. Those design parameters 
have the folloWing signi?cance to loss, dispersion and 
nonlinearity. 

[0040] Each transition region 404 has a taper angle Om)“, 
Which is de?ned as the angle betWeen the outer surface 408 
of the transition region 404 and the propagation direction P 
in the ?ber. As noted above, the tapering of the transition 
regions 404 is adiabatic. Adiabaticity is obtained When the 
change of ?ber diameter is sloW enough in the axial direction 
so that the energy of existing modes re?ected back is 
minimiZed and is coupled as little as possible to other order 
modes. The criterion for adiabaticity is that the taper angle 
must be less than the angle of diffraction, ®taper<®di?p The 
angle of diffraction @di?f is given by 

1.22/1 (1) 

[0041] Where 7» is the Wavelength of the laser light and d 
is the diameter of the mode siZe inside the ?ber. In order to 
realiZe adiabatic tapering, the tapering angle should be much 
smaller than the diffraction angle. 
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[0042] The relevance of the diameter D to dispersion Will 
be explained With reference to FIGS. 5 and 6. The net 
dispersion (the net of normal dispersion minus the anoma 
lous dispersion) as a function of Wavelength in an optical 
?ber of a given diameter can be calculated by numerically 
solving the following eigenvalue equation for [3, the propa 
gation constant of the mode inside the ?ber: 

1m) 
KJm (Ka) 

Kim/a) JMKH) "é Kma) _ mBkM-né) <2) 
mm) Wm) 

[0044] The second derivative of [3 is the group velocity 
dispersion [32. 

d2 (4) H a 
[0045] The results of such dispersion calculations for tWo 
?ber diameters are shoWn in FIG. 5. More speci?cally, FIG. 
5 shoWs a calculation for both a conventional 125 pm 
diameter single mode ?ber (dashed line) and a tapered 
section With a diameter of 2.7 pm (solid line). The ?gure 
shoWs that the dispersion goes to Zero for a Wavelength 
around 780 nm for the 2.7 pm ?ber, and hence a ?ber laser 
With a taper Waist of 2.7 pm operating at 780 nm Would have 
dispersion controlled such that the net dispersion is Zero. 

[0046] From a set of dispersion curves such as those of 
FIG. 6, one can select the Waist diameter Which delivers the 
amount of positive or negative (i.e., non-Zero) dispersion 
needed for complete dispersion control in the ?nal integrated 
?ber optic device. Given the needed amount of positive or 
negative dispersion and the Wavelength at Which the ?nal 
integrated ?ber optic device Will be operated, an appropriate 
dispersion curve can be chosen from FIG. 6, and D can be 
selected accordingly. Alternatively, a numerical calculation 
can be performed for D. 

[0047] Another signi?cant result of creating a tapered 
region or regions Within a ?ber device is to increase the 
effective nonlinearity. The degree of that increase can be 
determined from the nonlinearity coef?cient, Which is 

[0048] Where A65, the effective area decrease, is large in 
these tapered ?bers. While nonlinearity is about 4(1/W*km) 
in ordinary 125 pm ?ber, in a tapered ?ber of 2.7 pm 
diameter, y is 80 (l/W’kkm). Thus, non-linearity is increased 
by about a factor of 20. 

[0049] Some applications of the ?ber tapered in accor 
dance With the preferred embodiment Will noW be disclosed. 

[0050] FIG. 7 is a block diagram shoWing a generic ?ber 
optic system 700. Those skilled in the art Who have revieWed 
the present disclosure Will readily appreciate that the system 
700 can be any ?ber optic system having need of dispersion 
compensation and that the system elements 702 can be any 
system elements used in such a system. The narroWed ?bers 
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400 of FIG. 4 are used in the system 700 as dispersion 
compensators 704, Which can be treated as “black box” 
elements and can be introduced anyWhere in the system as 
needed. 

[0051] The dispersion compensators 704 can be passive 
optical elements. Alternatively, as explained beloW, the 
dispersion compensators 704 can be made from doped 
optical ?bers and can be pumped to operate as active optical 
elements such as ampli?ers or lasers. 

[0052] FIG. 8 is a schematic diagram shoWing a laser 800 
in Which the dispersion compensator 704 is spliced through 
a fusion splice 802 to a gain ?ber 804, Which is an ordinary 
doped optical ?ber With normal dispersion. The gain ?ber 
804 is coupled through an output coupler 806 to another 
length of ?ber 808 and thence to a pump diode 810 or other 
suitable pump light source. At the other end of the laser 800 
is a semiconductor modulation or saturable absorber device 
812. The laser 800 thus de?nes a laser cavity 814 in Which 
the dispersion compensator 704 and the gain ?ber 804 are 
located. 

[0053] The dispersion compensator 704 compensates for 
dispersion in other elements, including the gain ?ber 804. 
The loss caused by the taper is loWer than the gain from the 
gain ?ber. A mode-locking device (not shoWn) can be 
introduced into the laser cavity 814 to form short pulses. 

[0054] Thus, traditional dispersion compensation ele 
ments, such as pairs of prisms or of diffraction gratings 
inside the laser cavity, are not required. Thus, the laser 800 
offers advantages in terms of reduced complexity, siZe and 
cost. Also, since the laser 800 is an integrated device and can 
be fusion-spliced at both ends, it exhibits very loW PMD and 
PDL. 

[0055] Alternatively, the tapered optical ?ber 400 of FIG. 
4 can itself be doped. In such a ?ber, a positive net gain 
(gain—loss>0) can be achieved by optically pumping one or 
both of the non-tapered portions 406. Pumping both of the 
non-tapered portions 406 results in a signi?cant net gain. 

[0056] In the generic ?ber optic system 700 of FIG. 7, if 
the dispersion compensators 704 are implemented With 
doped ?bers as just described, those dispersion compensa 
tors 704 can function as dispersion-compensated ampli?ers, 
that is, as elements that amplify an optical signal Without 
dispersion. 
[0057] A tapered doped ?ber has a large absorption band 
or bands. The advantages of tapering a doped optical ?ber 
Were not realiZed until the present invention. 

[0058] Furthermore, the laser 800 of FIG. 8 can be 
redesigned to replace the dispersion compensator 704 and 
the gain ?ber 804 With a single tapered doped ?ber that 
performs both functions and that exhibits optimal net 
anomalous dispersion for stable mode loading at the lasing 
Wavelength. Such a laser is shoWn in FIG. 9 as 900, in Which 
a single tapered doped ?ber 902 replaces the dispersion 
compensator 704, the fusion splice 802 and the gain ?ber 
804 in the laser cavity 814. 

[0059] Still other modi?cations can be implemented. For 
example, the ?ber 400 of FIG. 4 can be formed from a 
polarization-maintaining (PM) ?ber, doped or undoped. If 
the PM ?ber is doped, it can be used in a PM mode-locked 
?ber laser. A photonic crystal ?ber, doped or undoped, can 
also be used. 
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[0060] The present invention has particular utility in 
achieving ultrashort pulse generation. In a system such as 
that of FIG. 7, one of the optical system elements is a laser 
that generates a series of light pulses in the tapered optical 
?ber. The diameter D is provides sufficient nonlinearity in 
the tapered optical ?ber to achieve mode locking. 

[0061] Yet another utility of a system such as that of FIG. 
7 is as an ultrafast optical logic device, particularly a 
cascaded optical logic device. In an optical logic device, a 
signal having a particular polariZation is received, and 
another signal can be received to change the polariZation of 
the ?rst signal to set the ?rst signal to a logical ON or OFF 
state. 

[0062] In the art, the use of tapered optical ?bers has 
introduced losses into optical logic elements. In particular, in 
a cascaded optical logic element, such losses are also 
cascaded. Thus, the overall loss may Well be excessive. 

[0063] The present invention alloWs a solution to that 
problem. The tapered optical ?bers of the present invention 
permit loss to be minimized. If the optical ?bers are doped 
and pumped, they can cause a gain that cancels out the loss 
or even exceeds the loss to permit a net gain. 

[0064] While a preferred embodiment of the present 
invention and certain variations and uses thereof have been 
set forth in detail above, those skilled in the art Who have 
revieWed the present disclosure Will readily appreciate that 
other embodiments can be realiZed Within the scope of the 
present invention. For example, numerical examples are 
illustrative rather than limiting, as are examples of speci?c 
materials. Also, any suitable technique for tapering the ?ber 
can be used, provided that it can be controlled to achieve the 
desired parameters for the tapered ?ber. Therefore, the 
present invention should be construed as limited only by the 
appended claims. 

What is claimed is: 
1. A method for producing a tapered optical ?ber, the 

method comprising: 

(a) providing a non-tapered optical ?ber; 

(b) tapering a portion of the non-tapered optical ?ber to 
form the tapered optical ?ber to comprise a taper Waist, 
a transition region on either side of the taper Waist, and 
non-tapered portions on sides of the transition regions 
remote from the taper Waist, Wherein each of the 
transition regions has an outer surface at a taper angle 
relative to a direction of propagation of light through 
the tapered optical ?ber; and 

(c) controlling step (b) so that in each of the transition 
regions, the taper angle is less than a local diffraction 
angle in the tapered optical ?ber. 

2. The method of claim 1, Wherein the taper Waist has a 
diameter, and further comprising: 

(d) selecting a Wavelength of light at Which the tapered 
optical ?ber Will be used; 

(e) selecting a dispersion characteristic that the tapered 
optical ?ber Will have at the Wavelength selected in step 
(d); and 

(e) controlling step (b) so that the diameter of the taper 
Waist provides the dispersion characteristic selected in 
step (e) at the Wavelength selected in step 
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3. The method of claim 2, Wherein the dispersion char 
acteristic selected in step (e) is Zero dispersion at the 
Wavelength selected in step 

4. The method of claim 2, Wherein the dispersion char 
acteristic selected in step (e) is a predetermined non-Zero 
dispersion at the Wavelength selected in step 

5. The method of claim 2, Wherein the non-tapered optical 
?ber provided in step (a) is a doped optical ?ber. 

6. The method of claim 5, Wherein the doped optical ?ber 
is a polariZation-maintaining doped optical ?ber. 

7. The method of claim 1, Wherein the non-tapered optical 
?ber provided in step (a) is a doped optical ?ber. 

8. The method of claim 7, Wherein the doped optical ?ber 
is a polariZation-maintaining doped optical ?ber. 

9. A method for producing a tapered optical ?ber, the 
method comprising: 

(a) providing a non-tapered optical ?ber; 

(b) tapering a portion of the non-tapered optical ?ber to 
form the tapered optical ?ber to comprise a taper Waist, 
a transition region on either side of the taper Waist, and 
non-tapered portions on sides of the transition regions 
remote from the taper Waist, Wherein the taper Waist has 
a diameter; 

(c) selecting a Wavelength of light at Which the tapered 
optical ?ber Will be used; 

(d) selecting a dispersion characteristic that the tapered 
optical ?ber Will have at the Wavelength selected in step 
(c); and 

(e) controlling step (b) so that the diameter of the taper 
Waist provides the dispersion characteristic selected in 

step (d) at the Wavelength selected in step 10. The method of claim 9, Wherein the dispersion char 

acteristic selected in step (d) is Zero dispersion at the 
Wavelength selected in step 

11. The method of claim 9, Wherein the dispersion char 
acteristic selected in step (d) is a predetermined non-Zero 
dispersion at the Wavelength selected in step 

12. The method of claim 9, Wherein the non-tapered 
optical ?ber provided in step (a) is a doped optical ?ber. 

13. The method of claim 12, Wherein the doped optical 
?ber is a polariZation-maintaining doped optical ?ber. 

14. A ?ber optic system comprising: 

a plurality of optical system elements Which communicate 
With one another using light at a Wavelength such that 
a ?rst dispersion is introduced into the light; and 

a tapered optical ?ber connecting at least tWo of the 
plurality of optical system elements, the tapered optical 
?ber having a taper Waist With a diameter selected so 
that the tapered optical ?ber introduces a second dis 
persion into the light, Wherein the second dispersion 
cancels out the ?rst dispersion. 

15. The ?ber optic system of claim 14, Wherein the 
tapered optical ?ber further comprises a transition region on 
either side of the taper Waist, Wherein each of the transition 
regions has an outer surface at a taper angle relative to a 
direction of propagation of light through the tapered optical 
?ber, Wherein the taper angle is less than a local diffraction 
angle in the tapered optical ?ber. 

16. The ?ber optic system of claim 15, Wherein the 
tapered optical ?ber is a passive optical element. 
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17. The ?ber optic system of claim 15, wherein the 
tapered optical ?ber is doped and pumped to function as an 
active optical element. 

18. The ?ber optic system of claim 17, Wherein the 
tapered optical ?ber is a polariZation-maintaining doped 
optical ?ber. 

19. The ?ber optic system of claim 17, Wherein the active 
optical element comprises an ampli?er. 

20. The ?ber optic system of claim 17, Wherein the active 
optical element comprises a laser. 

21. The ?ber optic system of claim 15, Wherein: 

the plurality of optical system elements comprise a laser 
for generating a series of light pulses in the tapered 
optical ?ber; and 

the diameter of the taper Waist provides sufficient non 
linearity in the tapered optical ?ber to achieve mode 
locking. 

22. A tapered optical ?ber comprising: 

a taper Waist; 

a transition region on either side of the taper Waist; and 

non-tapered portions on sides of the transition regions 
remote from the taper Waist; 

Wherein each of the transition regions has an outer surface 
at a taper angle relative to a direction of propagation of 
light through the tapered optical ?ber, the taper angle 
being less than a local diffraction angle in the tapered 
optical ?ber. 

23. The tapered optical ?ber of claim 22, Wherein the 
tapered optical ?ber is a doped optical ?ber. 

24. The tapered optical ?ber of claim 23, Wherein the 
tapered optical ?ber is a polariZation-maintaining doped 
optical ?ber. 

25. A ?ber optic laser comprising: 

a plurality of optical elements de?ning a laser cavity; 

a pumping light source for introducing pumping light into 
the laser cavity; 

a gain ?ber in the laser cavity for receiving the pumping 
light and for producing laser light, the gain ?ber 
introducing a ?rst dispersion into the laser light; and 

a tapered optical ?ber in the laser cavity, the tapered 
optical ?ber comprising a taper Waist With a diameter 
selected to introduce a second dispersion into the laser 
light, the second dispersion canceling out the ?rst 
dispersion. 

26. The ?ber optic laser of claim 25, Wherein the tapered 
optical ?ber further comprises a transition region on either 
side of the taper Waist, Wherein each of the transition regions 
has an outer surface at a taper angle relative to a direction of 
propagation of light through the tapered optical ?ber, 
Wherein the taper angle is less than a local diffraction angle 
in the tapered optical ?ber. 
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27. The ?ber optic laser of claim 26, Wherein: 

the gain ?ber introduces a gain into the laser light; 

the tapered optical ?ber introduces a loss into the laser 
light; and 

the loss is less than the gain, thereby providing a net gain. 
28. The ?ber optic laser of claim 25, Wherein the tapered 

optical ?ber is part of the gain ?ber. 
29. The ?ber optic laser of claim 28, Wherein the tapered 

optical ?ber is a polariZation-maintaining doped optical 
?ber. 

30. The ?ber optic laser of claim 25, Wherein the tapered 
optical ?ber is a separate optical element from the gain ?ber 
and is provided in series With the gain ?ber. 

31. The ?ber optic laser of claim 30, Wherein the tapered 
optical ?ber is connected to the gain ?ber through a fusion 
splice. 

32. A ?ber optic system for generating a supercontinuum 
of light, the ?ber optic system comprising: 

a tapered optical ?ber comprising a taper Waist; and 

a laser for introducing a series of light pulses into the 
tapered optical ?ber; 

Wherein the diameter of the taper Waist provides suf?cient 
nonlinearity in the tapered optical ?ber to achieve 
supercontinuum. 

33. The ?ber optic system of claim 32, Wherein the 
tapered optical ?ber further comprises a transition region on 
either side of the taper Waist, Wherein each of the transition 
regions has an outer surface at a taper angle relative to a 
direction of propagation of light through the tapered optical 
?ber, Wherein the taper angle is less than a local diffraction 
angle in the tapered optical ?ber. 

34. An optical logic element comprising: 

a plurality of optical logic components; and 

a tapered optical ?ber interconnecting at least tWo of said 
plurality of optical logic components, Wherein the 
tapered optical ?ber comprises a taper Waist and a 
transition region on either side of the taper Waist, 
Wherein each of the transition regions has an outer 
surface at a taper angle relative to a direction of 
propagation of light through the tapered optical ?ber, 
Wherein the taper angle is less than a local diffraction 
angle in the tapered optical ?ber. 

35. The optical logic element of claim 34, Wherein the 
tapered optical ?ber is a doped optical ?ber. 

36. The optical logic element of claim 35, Wherein the 
doped optical ?ber is a polariZation-maintaining optical 
?ber. 

37. The optical logic element of claim 35, Wherein the 
doped optical ?ber is pumped to provide a net gain. 

* * * * * 


